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Histonelike Proteins of Bacteria. Karl Drlica and Josette
Rouviere-Yaniv ...................... ..................... 301-319

Su-mmary: Bacteria contain several smnall proteins which sha re some biochemnical
properties with eucarvotic histonies. The prototype histonielike proteinz is c(lled HU, a
smiall, basic, abulndant, deoxyribonucleic acid (DNA)-binding protein wlose amizin0o acid
sequence is conserved among many bacteria a0nd is homologouts with sequences of
similar proteins obtained fiom chloroplasts and archaebacteria. When pllrified HU
binds to DNA, it appear.s to wrap the DNA into nucleosomelike structures in which
negative suipercoils are constrained. Recently HU has been found to affect site-specific
interactions of other proteins with DNA, acting as a positive or a negative effector
depending on the system. IHF, the host factor involved in the integraition of bacterio-
phage lambda into the hiost chromosome, can also be considered histonielike on the
basis ofamino acid sequence homologies with HU. IHF is involved in wrapping DNA,
and it participates in i variety of site-specific interactions of pr-oteinis with DNA. TIe
biochemical properties of HU and IHF, as well as of three othier proteins, H, HI, and
FirA, are reviewed in the context of possible participation in bacterial chromzatin
structure and site-specific interactions of protein with DNA.

Sodium Ion Transport Decarboxylases and Other Aspects of Sodium Ion
Cycling in Bacteria. Peter Dimroth ....................... 320-340

Suimmary: The free energy of' soie decarboxylation reactions can be conserved by
conversion into an electrochemical gradient of Na + ions. Thzis neii' ty'pe of biological
energy conservation was detected during studies of ox(iloacetate decarboxvlase of
Klebsiella pneumoniae. Otlher sodiumn ion-piumpimzg decarboxylases include mnethylmiia-
lonyl-coenzyme A decarboxylase and glutaconyl-coenzyme A decarboxylase. These
enzymes occur in anaerobic bacteria, where they catalyze ain .essential reaction of the
fermnemitation pathway and thereby conserve energy. These energy-tr(anisdicing decar-
boxylases have been purified; the composition of siuibuits aniCd details o 'thei ('atalyti('
mechanism has been investigated. The Na' trianspotitilg capa(city of the pllrified
enzymes was establislhed by re(onstitiuting them inito proteoliposomnes. These three
decarboxylases are closely related with respe('t to stri('tritre aiid finction. An1otlher-
primnamy Na+ pump found in bacteria is the respiratory Na+ pulmp of Vibrio alginolyti-
cus. A variety of other finctions of Nai ions in bacteriai ar-e kn1ownlti. Solutte tr-an1spoImt
systems couipled to Na4 ion gr-adienits occur in mnany' bacteria. In alkalophili(c bacter'ia,
an Na+lH+ antiporter- is of' centratl importance for pH hiomneostasis. Motion of' the
flagella of'some alkalophilic' or mar-ine bac ter-ia is powered by ami ele(ctrochemni(cal Na+
gradient. The strict anaerobe Propionigenium modestum synthesizes (ideenosine tr-iplios-
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pliateexclusively b energetic (olupling to the electro(chemnical Na gr(adhien testbtblislied
bv Inetlitll(lalonV,l-(eoellz)ine A decarboxylase. This is thle filrst (e-xlmlple of ladenosine
triphlosphate syntliesis (0oupled to thefree eiergyofca decarboxylation eac(tion; it is
(I/so the first exarlmipleof (lal (adenosine triphosphate synthesis 1ueh(alchiism with Na Ias

eouplinig ions.

Mechanism of Bactericidal Action of Aminoglycosides. Bernard D.
Davis .................................................... 341-350

Suininarv': Wliile the alctionl of iis(lli ' antibioties, with a siigl4e key step, is well
undervstood, thle /lug/i/ pleiotropvie (eetcs olf the amulinoglv1cosides resistedl (oherelt
explanation liiitil the re(ecet propoJsal t/(lOt misread proteinis are iecor/porate(l iuito the
e,vtoplasinie ,tneunbra,tie, fit poorlY, (i/l1 (create aquieous (lia/niel,S. In the resulting
inuilltistep mNodel, several effects(lie equally essenitialljO/r baetericidal0(ctioni:.nisreadiiig
ont (/ain-elonig(ati/ig ribosonies, inieorporationi of mnisread pfrot('i/ in thef mnellmbran'e,
resldtimig fOirnationi Of (l/Ichel.S, emtry of more anii tibiotie (li(l i/ire versible blo( kade Of

the imiitioitatig iribosomne.s. Tlhe (abilitv of this mIodel to aeeouiint fr (ilmam cV adldlitional
eatiimes of atnimioglvcoside c(ltio/i is re viewed in some dietail. Th/ e reasons hr the lonig
negleet of tlie mnemnbrane dam (le, n onstrltted 25 years ago, are als.so diseussed. In
lig/lit of this mnee/haniismmi, earlier observations oni thle effeet of puroiiivei/i lead to thle
fjrther eoneluusion thlt the p)roducts of p)remiatitre (c/ilini ter/iiii(itiol, eveii wt'ihlouit
m71isr-eadtlinig, also (c(an (allaS e nembrane (la//loge.

Yeast Metallothionein and Applications in Biotechnology. Tauseef
R. Butt and David J. Ecker................................. 351-364

Slutninamy: The metal-regulated genlitic system of yeast mnet(llot/iioieiel (MT) provides
(iti excellent opportunity jor tlhe genetieist, the phiarmaeologist, aidil the inorgamic
cheniest to study v(ariolls (spe( tS of met(Illnetabolisi i. MT binids se v'eral tralnsition
inetals, amid the strucltlure of MT is gutided by the metal bolmicl. Ini naltlurally ocCurrinig or
laboratory Saccharomyces cerevisiae strains, the resistalence to eopper is direer'(t elatedi
to the inubnber of clirolnosomal MT gemies. The MT genie system of S. cerevisicae is ans
excellent model system to stul} ineelianismioidOfdrlug r-esi.stalnce viOl gene (aunplificationi.
Yeast MT gemie tr(allseriptioni is effi( ienitly r-egulated by ceopper. Regulation of tleielest
MT genie by! eopper hI(as provide( 0t po0wi erfil toolfor expression of et('ologolls gies in
vealsts. A mnodel describimig mneemelhnismis of MT gen1e regl(litiomi i.n yeoast (ells has beeti
proposed. The availoability of severaol S. cerevisiae stralinis wit/i well-defiie(d MTWgenetie
nolrkher.s offc ms opportuiitie.s hr- (oJnplific(ltioni of for eigmi genies o0i (chromiosomau(ll MT

lIoi. Several applie(ltions ofv'eoest MT inii researchi (l/ti miiet(al re(°lery o/edi0s(/1s1 e d.

Survival Strategies of Bacteria in the Natural Environment. D. B.
Roszak and R. R. Colwell .................. 365-379

Summary: The existence ofat viable but moniudtiurablhe stalge ii w/ich bocteriil eel/s are
intalct (oid alive when tested by one or m?1ore( eriterial but cho not ullndergo ce/h dilvisionI in or
o0i rolitiuiely employed bacteriologjical iiediathlas bee/i observedh for mioliii (laqualtin (/inc
mar)inli'e baeteria. Because this phieiomuenon his reeemntly (lttract(leC (considerable(Ittemi-
tioli, the observations repor-te(h durinig the p0ist two dee(cl(es relalting to the viable but
non(culltulrable staite have beem meviewed, (idCl the findimigs (lie prese/nted here. Nitm iemit
tra/nsport and per/neability appea/e to be im/port(nt ohr /i(li/iti/iii/ig lviobility of baeteria.
In e(lrhl st(ages of nutriemit limulititiomi, clC(lopt(ltio/l is (riti((Il Cl/id eamn be very cdiffe'remt
dependting upon the bacterial species, recent /illtrient history of'thie popilaitioi i/nvolved,
trophic Statuts, toleranmee he vejlfor the e/nivi/o/nenmt(ll (h/iage en(ouI/intere(d, iatureaimid
extetnt of thle altei'atiomi, (an inte/a(tive effLtcs tlhereof' Cleaii-l wihlat miaiyil be (1 larsge
aoijustment for- one poplalltion mnma' be /ni/io 'Jor amnothier. The deecline period in baeterial
gmowvthi, observed in response to some adverse eondition by (cultare miietliods of
enmumeration, may in fiiet represent the survival per-iod. The first phlase o thie slrvivall
period inmludes loss. of eulturabilityo-temporary cessation of eell replieationi (l. (l
/iii(/iis of (oniservaltiom Of m Ierg!y. Cessaltioni mnIal be easily re velseh imi the se(ond(h pliClse
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by simnple procedures permnitting a(climnation to the iew (aconditions, in which case
reversion to culturabilitv is observed. Pi'olonged exposurle to the c/ianged conditions
mnay resiult in an inability to induce reversion of tlhe loss ofreplication while othler (ell
activities continue. Thiis, the third phlase, can be characterized by uiptake of lalbeled
slubstrates and demonstr-ation oJ viability by cell elonga(tion in the direct viable counting
procedure, employing microscopic observation. Furitlher exposure to adverse conditions
mnay r-esullt in cessation of response in the direct v'iable counting procedure buit
continued activity ais measlured bv laibeled slubstr-ate luptake, representing phlase four.
Phase five may en,sute if' exposure to adversity continues beyond that inducing plhase
fiur; the r-esponse is slowed metabolic activity, to the poinit where uiptaike is low1 eniolulgh
to be below, the threshold level requiredftr detection by, activitv measurement mnetlho(s.
Cells remnain intact atnd retaiin tlheir integrity when viewned bY epifluorescence miicrosco-
py. Cells mani be dormant in this phase. Upon losing cellular integrity (ancd without
a(ctivity being observed, thze popuilatioli of bacterial ('ells is (onsidered deaid, the final
phase. We propose a continuum of events wit/i the sequlenti(l phalses, o01 st(lges, (ible to
be ('lharacterized employiing (cl(/)entl'v a vailable inethods. We propose that at ainy plhase
in the survival per-iod reversion mnay o((cur bh provi.sioai of the pr-oper- conditions, therebv
providing for cyclical survival responise. Unfortuunately, the proper ('ondition/s ar-e nlot
vet known tfr all bacterial species lundergoing the somnicell staiges of development.
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